The aim of the present study was to assess the advantages and disadvantages of liver vascular partial exclusion (LVPE) (liver dysfunction due to ischemia) during liver resection in patients submitted to partial hepatectomy. METHODS: A total of 114 patients were submitted to partial hepatectomy (minor versus major resections) with LPVE being used in 57 of them but not in the remaining 57. Patient age ranged from 35 to 73 years and 57 % were women. Mitochondrial function was assessed 30 minutes after liver resection in the remnant liver and serum aminotransferases were determined before surgery and for seven days postoperatively. LPVE time ranged from 30 to 60 minutes. Data were analyzed statistically by the Student T test (5 % level of significance). RESULTS: Mitochondrial function was similar in the minor and major liver resections. The maximum postoperative aminotransferase peak was similar in the groups with and without LPVE. CONCLUSION: LPVE did not induce mitochondrial changes in hepatic tissue in either type of surgery, and aminotransferase levels were similar for patients with and without LPVE. Thus, the results show that LPVE is a safe procedure that does not induce the significant changes typical of ischemia and reperfusion in the liver remnant. Key words: Hepatectomy. Mitochondria. Ischemia.
Introduction
Partial liver resection for the treatment of malignant or benign liver tumors, may be complicated by intraoperative bleeding 1, 2, 3, 4 . In particular, resection of lesions in close proximity to or infiltrating major vascular structures or an extended hepatectomy can be unpredictably complicated by lifethreatening hemorrhage, even leading to rapid patient death on the operating table 2, 3, 4, 5, 6 . Moreover, bleeding, together with the subsequent blood transfusions, increases postoperative morbidity and mortality. Today, with the improved technical training of surgical teams and with the development of new generations of ultrasound, harmonic and water-jet scalpels and the argon cautery , the level of hemorrhage has been reduced during hepatectomy, although bleeding continues to be a factor of intra-and postoperative complications in liver resection 7, 8, 9 . Strategies to reduce intraoperative bleeding during hepatectomy include temporary occlusion of blood inflow with or without outflow control, of the whole liver or part of it during parenchymal transection, a method called hepatic vascular occlusion or control 5, 6, 10 . The concept of hepatic vascular control is based on the proven tolerance of liver to warm ischemia and on strong evidence that liver tolerates ischemia better than bleeding 5, 6, 10 . It should also be taken into account that vascular control eliminates bleeding only during the phase of parenchymal transection and is not beneficial during the phase of liver mobilization, when bleeding may also occur. However, in this phase of liver dissection the complications have been minimized with the increasing experience gained by the surgeons, especially in liver transplantation. In addition, reasonable or minimal blood loss has been achieved during major hepatectomy performed without embarking on vascular control at all 7, 11 . The aim of the present study was to assess the advantages and disadvantages of liver partial vascular exclusion (LPVE) (liver dysfunction due to ischemia) during liver resection in patients submitted to partial hepatectomy.
Methods
A total of 114 patients were submitted to partial hepatectomy (minor versus major resections) during the period from 1998 to 2008, with LPVE being used in 57 of them but not in the remaining 57. Patient age ranged from 35 to 73 years and 57 % were women. The surgical and laboratory team was the same throughout the study. Demographic, clinical, and biochemical data were collected using a standard form. The timing and nature of any chemotherapy were also recorded. All biochemical data obtained from laboratory assays for up to seven days postoperatively were retrieved. Liver resections were performed with or without LVPE -Pringle maneuver-as shown in Figure 1 The operations were performed by a single team and in approximately 90 % of the cases were performed by the same surgeon (O.C.S.). Ischemic preconditioning was not used. In all cases the abdominal cavity was closed with drainage. 12, 13 Liver mitochondria were isolated by differential centrifugation. Mitochondrial oxygen consumption was analyzed polarographically with a home-made oxygraph constructed at IFSC-USP equipped with a Clarck oxygen electrode, and the respiratory parameters were determined according to an established procedure. Succinate (5 mM) was used as oxidizable substrate in 1.4 ml of medium with 125 mM sucrose, 65 mM KCl, 1 mM MgCl2, 2 mM KH2PO4, 0.1 mM EGTA, and 10 mM Hepes-KOH, pH 7.4, and 2 mg of mitochondrial protein were used. State 3 respirations were induced with 400 nmol MgADP, and state 4 respirations (basal mitochondrial respiration) were determined after phosphorylation of additional ADP.
Preparation of mitochondria and oxygen consumption assays
The ratio between state 3 and state 4 (respiratory control ratio (RCR)), which represents coupling between electron transport and oxidative phosphorylation, was determined. Mitochondrial protein content was determined by the biuret method. 14 MMP was monitored spectrofluorimetrically using 5 M safranine-O as indicator and an SLM-Aminco, Bowman, series 2, luminescence spectrophotometer operating at 495/586 nm
Mitochondrial membrane potential (MMP)

Statistical analysis
Data were analyzed statistically by the Student T test (5 % level of significance).
Results
The serum aminotransferase profile was similar (p>0.05) in all groups studied, with or without LPVE (Figures  2 and 3) . The maximum peaks of both enzymes occurred 24 hours after surgery and were similar in patients subjected to minor and major hepatectomies with and without LPVE (p>0.05) (Figures 2 and 3) . excitation/emission wavelength par. Assays were performed in an incubation medium containing 200 mM sucrose, 1 mM MgCl2, 2.5 mM NaH2PO4, and 10 mM Hepes-KOH, pH 7.4. Mitochondria were energized with 5 mM sodium succinate. The membrane potential variation was expressed in m, as usual. 15 Blood samples (4 ml) were placed in a container without previous anticoagulant treatment. Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were determined by standard procedures using a commercial spectrophotometer (Model E2250-CELM). vena cava or the duodenum when placing the clamp. After pedicle clamping, a sympathetic reflex produced by clamping causes a 40% increase in systemic vascular resistance and a 40% increase in mean arterial pressure 1, 5, 6, 11 . LPVE is generally well tolerated because caval flow is not interrupted and specific anesthetic management is not required. The anesthesiologist should also be alerted to the possibility of intraoperative air embolism, as with any kind of inflow vascular occlusion where the major hepatic veins are left open. The consequences of air embolism can be minimized by placing the patient in a 15 degree Trendelenburg position. A number of clinical studies have established 60 minutes as the safe duration of partial exclusion under normothermic conditions for normal livers 1, 5, 6, 11 . In the present study we used vascular exclusion for 25 up to 90 minutes and none of the patients had liver or systemic complications. Longer LPVE periods have been reported in normal livers with favorable clinical outcomes.
Serum aminotransferases
The effectiveness of LPVE in reducing bleeding during major hepatectomies has been shown in historical controls and also in several clinical studies. LPVE cannot prevent bleeding from hepatic veins and should be used with caution or even avoided for lesions close to or involving the cavohepatic junction 1, 5 . Hemorrhage from hepatic veins can be minimized by operating under low flow and by complete devascularization of the resected segments 16, 17 . On the other hand, retrograde flow from hepatic veins during the Pringle maneuver seems to contribute to attenuation of hepatic I/R injury, as was demonstrated in the literature. In the present study the levels of aminotransferases were the same in the groups studied (with and without LPVE). Similarly, the energy capacity of the liver remnant was similar in all groups studied. The liver mitochondrial function was similar in the livers with and without LPVE in the minor and major hepatectomies 1, 5, 11 .
Conclusion
Because of its effectiveness and simplicity, LPVE remains the most popular method of vascular control. In our patients, periods of LPVE of up to 90 minutes in normal livers in minor and major hepatectomies had favorable clinical outcomes. 
Discussion
The better knowledge of the topohraphic and systemic anatomy of the liver, together with great scientific and technological advances, has given the surgeon greater security in performing increasingly larger liver resections. This greater detachment has facilitated the technical domination of liver transplantation, and vice versa 1, 5, 11 . Several measures have been adopted over the years in order to minimize intraoperative bleeding and the hepatic insufficiency usually due to small liver remnants or to the hepatocellular suffering of livers previously involved by changes that worsen during partial liver resection 5, 7, 9, 10 . Regarding intraoperative bleeding, hepatic pedicle clamping for LPVE is the oldest method of hepatic vascular control in order to avoid or minimize bleeding originating from the liver parenchyma, especially during liver resection. LPVE is performed by encircling the hepatoduodenal ligament with tape and then applying a tourniquet or a vascular clamp until the pulse in the hepatic artery disappears distally 1, 5, 6, 11 . Prior to placing the occluding clamp or tourniquet, careful dissection of the hepatic pedicle is needed to leave it free of adhesions, because if these adhesions are left intact there is a serious risk of injuring the inferior
